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MEG Frequency Dependency: The critical Low Frequency R 
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Blue = Out 
Mnemonic: 
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in 1994, the vision was reality 
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mri 1 ■ FOOT {tibialis anterior ) 

2 - WRIST {//. carpi uinaris ) 

3 - 2nd DIGIT {//. dig. superfic ,) 

4 - THUMB \abd. pollicis brevis ) 

5 - 5th DIGIT (opponens dig. minimi) 

6 - FACE {levator labii superioris ) 

7 - TONGUE (mechanical trigger) 
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Experimenta! 
Bon Research 

^Sprin^f r-Vcrliijf TW1 

Thr ee-d i m ens i o na ] localiz ati o n 

of SMA activity preceding voluntary movement 

A study of electric and magnetic fields in a patient with infarction 
of tile right supplementary motor urea 

W_ Ixang, I). Oieyrac, R. Kristm, R. Bekidncr, G. I.indir^r, ami l._ Denki! 

Ncuroloipscbr LTnivereitiilsltliuii. AUyjeoieines Kiiink-snhauj -dcr Skadl Wien, Wjihnri^r Guncl 3K-20. A-J-ibffl Wkn, Austria 
Recc lvk! January], 1WI .^VcccpL-ed July 2£-_ I US' I 
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and even 
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MEG Tapping BF1 - Bereitschaftsfield 1 

Map and Dipole Localisation 1.38 sec prior to Tapping Task 
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MEG Tapping BF2 - Bereitschaftsfield 2 Lateralized 




Map and Dipole Localisation 0.024 sec prior to Tapping Task 
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MEG Tapping N-P Negativity of Performance 


Map and Dipole Localisation 0.76 sec Following Onset of Tapping Task 
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Supplementary Motor Area Activation Preceding Voluntary Movement Is 
Detectable with a Whole'Scalp Magnetoencephalography System 

M. ErdSnr* H. Epstcincr,- 1 17. Mhjbt/T KafcndL* V Edward 1 C 
G. limfiligLT/ HILil L Dhh^:h' 
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A'#i' fi^i’iui. ^Hi^«*:-pnM , t.V.l^-fZ.niunJnrfjruii fav .tfod«nr Jh/yysw^. c Wenc. Lihiao, jL^imu 

il-.-i-clvcii ±rff<-c-aLt- 7 r B. l^r:j 


UL'iiiJlr Ike facl Lhatthc- st^IrS th-*' wc^uf!- 

rui-d-jHinl LI-iL-fxim-E i-.-ii i?f the :iuji |i1> iiiunLiiiy EnoroLiimi 
iSMAl is Ki.i":irl ily i ii iti ■ji:-]riK, tin- r ■ ■ I■: ■ i T 11 l■ - ti^lAjji tllf 

humnit brain, e.K-i Lhe wmLribnlaon uf ihv HMA lh LIil- 
ISi.-rHi i■-- i ^Ji^.'-jKirpi-iri.iL, Mill remains uncle-ar arui cuji- 
t it? vrrsi.pl THp- jjtis.1 nf riii> clilaLj u'iH Ln- aniLlr Unite 
Further (fl this dlscuitricin l#y iphinE ^l«nb^ nr LIjl- 
tpAEial Inrn-miatLim isfn w1io-]c-'Mb1i> nimjVM 1 - 
£ocnee.phUilo£r;ijfh> CiMIUG} fiyfltf-IIA ^nahUllf Ur I tl> 
t*L-^ord. lliori lls n■*.- i.i:c eq-iiivakniof lHi- Kt'nHEtAi'lififlUpn- 
[■mi i:bI 1, LIll il^reltPchafEsfeld 1 IBF 13 or re-ndin* j HH 

flf-ld |, Jpjx-r* KuBiji L-LH jH:rri:-rii jl-iI A ^ESIUpteX, Dud OHO 

Kulget-L n f-imply, hrcn-r-lniiaMrj?'I^hk, 3L wih jwK-niLl.-k- to 
hm:i>p:I Lhfii HP 1 fpl 1 ill iubjcc ti. TTiC til fit apTWArDJUH 1 iaT 
ih .C EF 3 WHD in Llm ihei^li hs-J L.!l Li> —1.7 £ pnor to 
nL4VCJll£TLt OILS-CT . txc^pi for th" l>jWt pi - rfaii-m intf tll^ 
Him j:Il- Itixk (-1 c.i. AjudyHlx of the- Ele-ve-loproonL lIie: 
niDt;fioi.iir frtW iSLhLnljuciuu and tku clumnct wave¬ 
form '■ fllDVred the 3>ep'i nnmji nr Efi-H 1k-n;hEHi:lixift£fr:]d 2 
jl+V Ei ar irc-DdJncss field £ sii about “0,*5 ^ jvr'iav- cu 
HLi>'.'K ini-:iiC QH*£t. In chf: E3S1IU range ot l$F 1, dipok 
COUTC4J LI ILL' l_L hi S ]|iy.Hiij Lbn: MUJ fVtf: Lll Lfa* SJfiA Only, 
vhcrcui dipole- Hhurcc HiL-nlysis ront-sirii h.Ihih tlu: 
Li ii ii nciifi- iif IeP 2 rtsult-ed In dipote mode-k, inrSuda^K 
dipules- i-n iHi priut^rynvfrtopflr*n. Ln summary, ■n'EtEi m 
Vi'liii l-?- h>: LUL MFC system., LI jw^itjl-o Inr Eh^ llrsL 

iLih^ tu il-i: el i :e SHA activity in, be-althy nnl^ecls wilh 

flitlfi. r HH 1i lilrni* b S i L L 

XwVi'o rrfs: «ji|?l**i*stir¥ W4t^ iiw ina(pi-nEoen- 
cE^lLalQ(TTDT>hH BnrL'iflrK-biLn skid; ruailEni.^ ii*^- 

i nr ^L-ibonlnry ruov^mcnE. 


juuiii cd"the DI' onnnpi hr- oK^lnincd hj r pc-il-r-ntink from 
Ih'iLIi iirjniiiiy nwiLisr LurLlctL-i (.Ml. J'LjrJLer, lLic: vurtr-K 
LiE 1 rL-iust have- iro- own iji?ij^ra.itif i ijiLfpnnde-nl &fihi± Ml 
iiTv-j. Ow I ^z-t cyndi-H^t* heiTiff th»? P'njirJpfPviii^nr'-' nir- 
toar iUCS (SMA; r.h.v:<;t^ jrnd Knrnhnhnr, I 97 R 1 , whirh 
TVis ilrsr. duxeribed l>y Voyt lull! Vl>ji. liyiLVi ld Lhe- 
raor.key and b_v Fovratej- (IlVStii in tLu.l^Sh?i 

SulM^LWntly, msny fmthwF invesd^nt^d thc^ 5-riL:. 
L«rc ruL-rl tin: JunctLcii] of lhe -SMA witk dLLlbreial m^i.iL 
nds. SMA activity dunni; volunLarj- hrfnd rhn-^ni^n 1, 
has eho^'n ublre: resi-Dn^l fp-nahiFLl htnr^d Jlo^v 
■| l<-P.F'I n-if'HSLirrmrncA ■’.■riLh Lhr eninnia cxuncni i L;l-;- 
snn £i ai., ltfr^a, h.h and uxii'^ posLLrofl ro- 

oio.yrdijJ>y (PET.I : KjL;ij:J tf til,* 1 fiyi>.' P^frifNirijr to 
liue&f i>>.i.l]>e., Mine author? here Ftpi^d dut the SJ.1A 
fijiicbnn^: nn a ^apranvotor ut ea 1 " lor proLrrariiijLiie and 
nxccudDn -nf valuniMTT. - imrr«EJL?nl.-y IOjISciUIjSO P-M 
LartWi r 1971). Rolsnd ei Oi 1 ., 19&0-; GoldlwriT, l9fi!iJ 
llnu'nv-nr, in vi-rw nT nlrvtnsj’Lny^iolq^irii I r-CLiirdlni.^, 
itrm ■‘^reEnuLai iire^i 1 y.ppt. j LLJS Lu bt ftufn^^fll 
l.l>t;eeke r 13b?, 14301. On thn: of mnvL-nn?nt ru 

Eflt^d ^l^rtrianl pnt^ndnL*, SktA wan propased ne cJl-l" 
majn-i r-:iurr-:: aF the hi 1 , as well a a Lko rejjiuu af th? 
hr;iin whe-re- hnuLionB pu'jh SB wj.lt-Of i.prr.ntinn In mnvc 
aw rapiKentfld ^nrr^l »-t (i/.p 1KnniSniL-LT lT cji 1 .. 
Iflfifll. Thr- finding Eha.1 pyrrorjn^nL^ bLlaters! hand 
mn'-tsnicnLB is impaired in with nnLlnt^r;il 

StfclA lesLsn, Iinrij rdnind v/ark, siappHElyd the noLLon 
tlirtt Lh.-r- SfrIA fanetinna- IsiLuiiirSLlby fnid ia mvoJved sl'i 
orgiLDixinti Lhe- tjnLiiLjLj unii ci>Ord.iriadhii qT KnqumitLal 
mrhvfiniB'nl i<:k *■;! flpi,, IHM; D^rckn et a/., 
Pnc^kn, LWO; l.iniv vf aI., 1BJ1: Ueihsr ef lj^., 1433; 
ilr;Lllan e-J- ul., EWSSl 
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2-dipole & 3-dipole model in the same subject 




dipole 
moment 
contralateral; 
2.4 nAm 


time epoch: -1.7 to 1 s 


dipole 
moment 
ipsilateral: 
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time epoch: -0.7 to 0 s 

Tapping: The 2 SMAs 
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Event-related flMRI of Voluntary Movement: 

V 

The Bereitschafts-BOLD Response 

^Ross Cramingion, -Christian Windiatfibcrger, A-ikler Deecke, arid ^liwaltl Moser. 

1 Howard Florey InJdilule and ^Centre lor Neuroscience, UJliveisjty of Melbourne, Victoria, Australia 
^institute for MedicaE Physics and a l Jcpartmnit of Clinical Neurology, University of V ienna, Austria, 

Introduction 

Activity of motor areas oJ the antes. begm to increase 1 to 2 s prior tu voluntary sel f—in itiaicd movement, reHeeting processes iLssodatcd wub tiic 
preparation and readiness for movement. Such activity has been well studied riwtnipnyMologicaJLy and termed the Bemtsehafhpotenmf or readiness 
potential. FiuKuonaJ imaging: studies (PET and tMRJ) have shown the involvement of the supplementary moloa ai«j (SMAj und lateral prerocDoa area 
in processes associated with the preparation and urgiuiixaLiiin of voluntary mowmcnl. These studies, however, have generally lacked toe tempura! 
resoluiiun lo enamine the precise timing of blood oaypm level dependent < BOLfty changes associated with sclf-inittaiwj voluntary ftneef movement. 

Tn this Study, we tad evcnt-relaled i\fRT with a fast repetition rate (25(1 msj in order in examine the direst 1MR.I equivalent of the 
Bereitscluiftspotcntial. We armed Lo examine the temporal characteristics of activaliott (BOLD charges> within stippleiEBSUary motor and primary motor 
areas pnnr to sel Huitisted voluntary movement. 







BP in the basal ganglia 
Cunnington et al. 2002 

Cunnington R, Windischberger C, Deecke L, Moser E: The preparation 
and execution of self-initiated and externally-triggered movement: A 
study of event-related fMRI. Neuroimage 15:373-385 (2002) 


Cunnington R, Windischberger C, Deecke L, Moser E: The use of single 
event fMRI and fuzzy clustering analysis to examine haemodynamic 
response time courses in supplementary motor and primary motor 
cortical areas. Biomed Technik 44 (Suppl 2): 116-119 (1999) 

Cunnington R, Windischberger C, Deecke L, Moser E: The preparation 
and readiness for voluntary movement: a high-field event-related fMRI 
study of the Bereitschafts-BOLD response. Neuroimage 20:404-412 
(2003) 


Basal ganglia activation 
only with self-initiated 
movements 
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given to two eminent scientists: 


Hal Weinberg SFU and 


&Jiri Vrba CTF 


















